INTRODUCTION
The protein X of Steptococcus agalactiae is a surface antigen included in the typing scheme of group B streptococci (GBS). We have developed a monoclonal antibody to the protein X and used it to purify this antigen by affinity chromatography. Electrophoresis in polyacrylamide, and immunoblotting using the monoclonal antibody or a rabbit antiserum raised with the affinity purified protein X, revealed a major band in the region of 200 kDa and a smaller one at 100 kDa. The isolated protein X will make possible investigations of its potential role in virulence and protection.
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Streptococcus agalactiae, one of the main agents responsible for mastitis in cattle, is frequently isolated from the milk of infected mammary glands. S. agalactiae, also known as group B streptococci (GBS), causes a variety of human infections, particularly in neonates and postpartum women. The serotyping system of GBS, based on capsular polysaccharides (Ia, Ib, II, III, IV, V) and the surface proteins c and R [1, 2] , makes possible the typing of most of the isolates of human origin. A proportion of bovine isolates is nontypable, i.e. does not carry any known capsular polysaccharide. Pattison et al. [3] described the two protein antigens R and X, which, in addition to polysaccharide type antigens, are particularly useful in discriminating strains of bovine origin. One of these antigens, the protein X, is rarely found on human strains [4] , which could account for the fact that it has not yet been purified and its role in virulence or protection not investigated. Yet, this antigen is an attribute of 30-85% of isolates from bovine mastitis [5, 6] , and as such, besides its interest for serotyping, is a candidate for induction of protection against mastitis.
In this report, we describe the purification of the protein X, and its immunochemical characterization with specific rabbit antiserum and a murine monoclonal antibody.
MATERIALS AND METHODS

Bacterial strains and serotyping
In order to select a bovine strain of GBS producing high amounts of protein X and devoid of polysaccharide type antigen, we typed the GBS strains from our culture collection. The prototype strains of the serotypes Ia (090), Ib (H36B5), II (18RS21), III (D136C), NT/R (CDC SS971) and NT/X (CDC SS970) were kindly supplied by Dr. T. Horaud, Institut Pasteur, Paris. They were used to prepare specific antisera in the rabbit. Sera were prepared and absorbed as described previously [4] . The specificity of the absorbed antisera was checked by the ring precipitation method [7] .
The serotyping of 89 strains isolated from bovine mastitis, stored lyophilised in our culture collection, was carried out using the rabbit antisera by the technique of double diffusion in agarose gel [8] . The strains were cultivated in THB and bacterial extracts were prepared by the hot hydrochloric acid technique [7] . These results were confirmed by serotyping with antisera donated by Dr. J. Jelinkova (WHO Collaborating Center for Reference and Research of Streptococci, Prague, Czechoslovakia). Quantitation of the protein X in the extracts was carried out by single radial immunodiffusion [9] using rabbit antiserum specific to the pre-purified protein X (see below) and bacterial extracts prepared according to Pattison et al. [10] , i.e. for 2 h at 50 °C in 0.2 N HC1.
Preparation of monoclonal antibody to protein X and detection by ELISA
Mice were immunized with partially purified protein X, extracted by using mutanolysin (Sigma, St. Louis, MO, U.S.A.) as previously described [11] , except that Triton X-100 (0.1%) was added. The extract was passed over an affinity column prepared with the immunoglobulin (Ig) fraction of the absorbed anti-X reference strain rabbit serum, coupled to AH-Sepharose (Pharmacia, Uppsala, Sweden) as described previously [12] . The retained fraction was eluted with 0.2 M glycine-HCl buffer, pH 2.8, dialysed against 0.1 M ammonium acetate buffer and lyophilised.
Monoclonal antibodies (mAbs) were prepared as described in ref. 13 by immunizing Balb/cby mice with the partially purified protein X. To screen hybridoma supernatants for anti-GBS binding activity, an ELISA, using as antigen whole bacteria (strain 443.31) adherent to the wells of flat-bottom microtitre plates, was used as previously described [14] . After incubation with undiluted hybridoma supernatants, the presence of antibodies to GBS was revealed with a sheep antimouse Ig-alkaline phosphatase conjugate (Sigma). To assess the specificity of mAb reacting with strain 443.31, the microtitre plates were coated with a set of 6 reference GBS strains of different serotypes (Ia, Ib, II, III, NT/R, and NT/X, one strain by row) and ELISA was performed as described above.
For the production of ascites, mice were primed with pristane (Aldrich-Chimie Sarl, Strasbourg, France) and received an intraperitoneal injection of hybridoma cells. The mAb was purified by chromatography on a DEAE Sephacel (Pharmacia) column.
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PA GE) and immunoblotting procedures
SDS-PAGE was carried out according to the method of Laemmli [15] in 6% (w/v) acrylamide slab gels. Apparent molecular mass was determined by comparison with protein standards of known molecular mass (Bio-Rad). After electrophoresis the gels were silver-stained for protein as previously described [17] , or the gels were processed for immunoblotting. In that case, transfer was performed as described previously [16] . After transfer, the sheets were incubated with hybridoma supernatant or a 1:100 dilution of rabbit antiserum. Antibody fixation was revealed We found 18 strains bearing the protein X among the 89 mastitis isolates tested. The amount of protein X produced, assessed by radial immunodiffusion, varied by a factor of 10 and more as a function of the strains. Strain 443.31 was chosen for the production of protein X on the basis of the high amount of protein X detected, the low cross-reactivity of the crude extract with antiserum to the R-prototype strain and the absence of polysaccharide type antigen.
The sera of mice immunized with partially purified protein X gave a positive response in the whole-cell (443.31) ELISA. After fusion and screening of hybridoma supernatants by using the set of strains of defined type antigens in the Protein X was extracted with HCI, purified by aftrmity chromatography and subjected to SDS-PAGE and immunoblotting.
whole-cell ELISA, one mAb, named IIIB3, was found to be specific for X-bearing strains. This mAb was coupled to AH-Sepharose [12] to isolate the protein X contained in crude extracts from strain 443.31. With the mutanolysin extract, acidelution yielded a rather high amount of opalescent material which, on SDS-PAGE electrophoresis, broke down in numerous protein bands all over the gel length. Extensive washing of the affinity column with Triton X-100 before elution did not disrupt the micellar aggregates. Thereafter, we resorted to the extraction procedure of Pattison et al. [10] . Protein X was eluted from the affinity column with glycine-HCl buffer, pH 2.8, concentrated and dialysed against the sample buffer for SDS-PAGE analysis. The SDS-PAGE migration of the crude HC1 extract gave rise to a number of stained bands ranging in molecular mass from 45 to more than 200 kDa. In contrast, only two bands, at 100 kDa and at about 200 kDa, were detected in the eluate of the affinity column (Fig. 1) . mAb IIIB3 or antiserum raised in rabbits with the affinity purified protein X were used in immunoblotting. With the mAb, a ladder-like pat- tern of lines around 200 kDa and a diffuse stained area at 100 kDa were obtained (Fig. 2) . The rabbit antiserum also yielded a ladder-like pattern of fines at about 200 kDa but a single band at 100 kDa (Fig. 3) . Treatment of the purified samples with proteinase K before electrophoretic migration completely removed all the lines (data not shown).
DISCUSSION
Extensive work has been done on the chemistry and immunology of the polysaccharide type antigens of group B streptococci. Except for the protein c which has been purified [18, 19] , less attention has been paid to other major surface proteins of GBS, namely the R and X proteins, probably because they were initially not considered as attributes of virulence of human clinical isolates [4, 20, 21] .
We report here experiments aiming at purifying the protein X from a mastitis isolate of S.
agalactiae. Protein X was obtained by affinity chromatography with a mAb (IIIB3). It displayed a size heterogeneity with two bands, at about 200 and 100 kDa. Protein X might consist of two sub-units of 100 kDa sharing at least one epitope recognized by the mAb IIIB3. Another possibility is that the 100-kDa band could result from a partial degradation of the protein X by the HCIextraction procedure. However, in the case of the protein c which also shows a molecular heterogeneity [22] , the harshness of the extraction procedure alone cannot account for all the bands seen in hot-acid extracts because size heterogeneity is also observed with protein c released in the medium by the growing streptococci. So far, we have not purified the protein X from the growth medium and, unfortunately, we have not been able to use the mutanolysin extracts for the affinity purification of the protein X, so that we have not yet tested the hypothesis of partial degradation.
In the immunoblotting experiments, the specific rabbit antiserum revealed a number of sharp ladder-like lines in the region of 200 kDa. A possible explanation is that the protein X may contain a carbohydrate moiety with varying numbers of saccharide units. The pattern of ladder-like lines has probably been overlooked in SDS-PAGE due to the blurred aspect of the band.
The X protein appears to be unrelated to virulence in human clinical infections [4, 21] . In contrast the X antigen is frequently isolated from bovine mastitis [5, 6] . Moreover, the protein X is associated with mastitis isolates of group G [5] and group L [23] streptococci. The purification of the protein X, which appears to be related to infections of the bovine udder, is expected to be of interest for epidemiological studies and investigations on the host-bacteria relationships during mastitis.
